Introduction. Many kinds of protectors for sports, such as helmets, chest protectors, and spoke guards for wheelchairs, are widely used to prevent pain and injury to the body and damages of equipment due to impact, which often occurs during play. Their performance is often assessed by the indestructibility and the energy absorption capability. It is effective to receive the impact not only by deforming the local range at the impact point but also by distributing the deformation over the entire surface of the protector, as one of the design guides for enhancing its energy absorption. This has the potential, in particular, to be applicable to protectors with a nearly flat shape, such as the spoke guard, and to allow for more proper selection of materials and dimensions for protectors. Therefore, the objective of this study was to evaluate the energy absorption characteristics of materials for the spoke guard by quantifying its strain distribution during a typical impact for wheelchair competition. In this study, measurements for 3D dynamic behavior were obtained using digital image correlation (DIC).
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Experimental method. Impact experiments were conducted in order to reproduce a typical collision between wheelchairs, as shown in Fig. 1 . The wheelchair which towed by releasing the compressed air filled in the chamber, collided with the stationary spoke guard of another wheelchair. The impact behavior between the guard and the bumper of the wheelchair was recorded using two synchronized high-speed video cameras at a frame rate of 4,000 frames/s and a shutter speed of 1/5000 s. The impact velocities were varied at 5, 7.5, 10, and 13 km/h in view of the range of the velocity playing indoor wheelchair games. Two kinds of guards which were made of different types of polyethylene (IDs: A, B) were prepared to confirm the availability of evaluation based on the energy absorption characteristics ascertained from images by comparing the differences between materials.
Data processing.
A stochastic pattern was applied to the surface of the guard in order to provide a random gray-level image. The pattern was created by black and white color sprays. Various square and rectangular image details, called facets, were determined in the DIC software, and a homogenous field of displacement was assumed inside each facet. The value of strain was calculated by differentiating the distribution of displacement. Fig. 2 shows the time history of stain energy Us(t), which is calculated as the sum for all facets of the strain energy per unit facet Uf (t) obtained from the strain response at a facet. The total strain energy Utotal which is calculated as the sum of Us(t) from the beginning to end of impact, is defined as the strain energy of the guard and proposed as an evaluation index for the energy absorption characteristics.
Application to evaluation of energy absorption characteristics. Fig. 3 shows the results of Utotal of materials A and B with different impact velocities. The error bars in Fig. 3 represent the standard deviation. The results of Utotal tend to increase with the impact velocity. The results of Utotal of B tend to be larger than those of A, regardless of the impact velocity. This indicates that the difference of the energy absorption characteristics between materials can be observed using the Utotal obtained from the strain distribution, which is quantified by the DIC method.
Conclusion. The strain energy could be observed to evaluate the energy absorption characteristics of the guard by quantifying the strain distribution from the impact behavior which the deformation of guard surface coincided with its displacement. The index and its quantitative method which is proposed in this study, is likely to be effective for the evaluation of the differences between materials of the guard under the impact conditions for wheelchair competitions. 
